abstract
Companion diagnostics are tests which are used to guide targeted therapies. They represent the application of knowledge of unique sensitivities of hosts or diseases. The FDA approved the first companion diagnostic-related drug, trastuzumab (Herceptin), in 1998. Trastuzumab is specifically effective in human epidermal growth factor receptor 2 (HER2) positive cancers, which are associated with poor outcomes with conventional cytotoxic therapy. Since trastuzumab, many other companion diagnostics have been brought to market. There are both health and economical advantages to developing companion diagnostics. With personalized therapy, patients will experience fewer and less severe side effects, and patients are more likely to have positive outcomes. Companies seeking to approve companion diagnostics will be able to recruit fewer participants for efficacy trials, leading to decreased development costs. Challenges to the future of companion diagnostics include preventing off-label usage of drugs. Additionally, the likely expensive cost of companion diagnostics, as in the example of ivacaftor (Kalydeco), will raise questions on how these drugs will be paid for.
Physicians have long recognized differences in individual treatment responses. As medicine evolves, an emphasis on personalized therapy tailored to patients based on diagnostic testing ensures maximum effectiveness. Nowhere is this trend more evident than in the rapidly evolving field of oncology, where pairings between drugs and corresponding diagnostic tests allows physicians to determine clinical utility. Companion diagnostics are the diagnostic tests employed to identify patients eligible for treatment with targeted therapies. In the case of cancer, these tests can be used to assess susceptibility of the cancer to treatment. Advances in our understanding of pathology has made the development of more specific therapies possible, moving from generalized cytotoxic cancer treatment to targeted drugs. Complementing developments in treatments, diagnostic technologies such as multiplex genotyping and high-throughput genomic profiling by next-generation sequencing now allow us to quickly analyze cancer genomes from biopsy material.
pioneering drugs
Research on companion diagnostics was first launched with FDA approval of the first companion diagnostic related treatment, trastuzumab (Herceptin), in 1998. 1 By interfering with the human epidermal growth factor 2 (HER2) receptor, overexpressed in around a third of breast cancers, HER2-positive patients went from having some of the worst outcomes to more favorable ones. The commercial success of trastuzumab and the corresponding diagnostic tests required for its prescription helped propel the entire field of personalized medicine forward. 1 Old drugs such as tamoxifen used in estrogen receptor-positive breast cancers patients became re-evaluated. It was found that women with a CYP2D6 gene variant lacked the ability to break down the drug rendering it ineffective. 2 Thus, diagnostics can be used to test not only the genomes of cancers but also of the patients themselves. Another diagnostic, TheraScreen, was launched in 2007. TheraScreen was the first diagnostic for detecting mutations in epidermal growth factor receptor (EGFR), which are known to cause non-small cell lung cancer (NSCLC). Cancers with certain mutations in EGFR are susceptible to tyrosine kinase inhibitor treatment. 3 There are currently a number of Food and Drug Administration (FDA)-approved companion diagnostics (Table) .
advantages Companion diagnostics will potentially allow therapy to be given only to the targeted population which will receive the most benefit, thus improving patient outcomes. Likewise, patients who would receive little benefit from a drug, as determined by a diagnostic assay, will not be prescribed drugs which will cause them to needlessly suffer any related drug toxicities. Through increased efficiency, the healthcare system may save costs by avoiding ineffective treatments and managing their associated side effects. A comparison of clinical trials conducted for drugs with and without companion diagnostics found that the presence of a corresponding diagnostic tool decreased the odds of treatment discontinuation as well as moderate adverse events. 4 From an economic perspective, pharmaceutical companies that push drug-diagnostic pairings only have to prove that the drug is effective in the targeted population. By using only the target subset of patients in clinical trials, companies may potentially reduce development costs since drug effects will be more pronounced and a smaller number of patients will be needed to prove efficacy. The higher chance of regulatory approval significantly lowers the financial risk for pharmaceutical companies engaging in clinical trials and drug development. For example, a study of 199 compounds developed for the treatment of NSCLC found that only 11% passed the entire regulatory process, but drugs that used biomarkers to guide their administration had a 62% regulatory approval success rate. These drugs are only effective against tumors expressing the V600E mutation of the proto-oncogene BRAF or the rarer V600K variant.
Abbreviations: CDx, companion diagnostic; FISH, fluorescence in situ hybridization; PCR, polymerase chain reaction.
challenges
Early on there was resistance among pharmaceutical companies against pursuing companion diagnostics since they would restrict the use of the drug to a subset of patients, thereby segmenting the drug market instead of selling to a broader population. Although the regulatory-approval benefits have seemed to assuage some of these concerns, logistical issues still exist in the codevelopment of drugs and diagnostic devices. 7 By adding an additional stakeholder (the diagnostic device company), the issue of negotiating development with pharmaceutical companies is further complicated. 1 The costs associated with research and development of companion diagnostics and the fact that, by their nature, few people will be using the personalized pharmaceuticals means that the drugs are likely to be expensive. For instance, ivacaftor (Kalydeco) is an effective treatment for cystic fibrosis patients with the G551D mutation in the cystic fibrosis transmembrane conductance regulator (CFTR) gene but costs $300 000 per patient per year. 10 Despite the cost of treatment, ivacaftor became available through Ontario's Exceptional Access Program in 2014. Another consideration is "indication creep," or the usage of drugs beyond their initial indications. For example, the FDA initially approved the use of infliximab in Crohn's disease in 1998, but it has since been expanded to treat other diseases, and there are many who use it off-label. 11, 12 Finally, physicians must be educated on the mechanism and clinical indications of these personalized therapies.
future directions and conclusions
Companion diagnostics may serve to be a powerful therapeutic option in the future of medicine. However, the exorbitant cost of these drugs coupled with the fact that they will be of great benefit to a select population raises questions on how they will be paid for. Although currently approved devices use single biomarkers, future diagnostics may aim to combine several biomarkers for more accurate benefit-to-risk stratification of patients for different treatments.
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